Abstract.-Island biogeography theory is fundamentally reliant on measuring the number of species per island and hence has taxonomy at its foundation. Yet as a metric used in tests of the theory, island species richness (S) has varied with time according to the level of taxonomic effort (a function of the rate of finding and describing species). Studies using a derivative of S, single-island endemic species richness (SIE S), may be prone to change in taxonomic effort. Decreases or increases in species numbers resulting from taxonomic revision or increased sampling are likely to have a large effect on values of SIE S, as they tend to be smaller than total S for the same island. Using simple biogeography models, we analysed estimates of SIE S in plants, land snails, beetles, and fungi from comprehensive data sets for eight island groups, produced species accumulation curves and applied Bayesian regression over five time periods. Explanatory power differed across taxa, but area and island age were not always the best explanatory variables, and niche diversity appeared to be important. Changing levels of SIE S over time had different effects on models with different taxa and between island archipelagos. The results indicated that the taxonomic effort that determines SIE S is important. However, as this cannot often be quantified, we suggest Bayesian approaches should be more useful than frequentist methods in evaluating SIE S in island biogeography theory. Fundamentally, the article highlights the importance of taxonomy to theoretical biogeography. [Evolution; modeling; species richness.]
Species richness (S) is a fundamental metric used to validate many theoretical and empirical studies, particularly when the primary focus is to resolve why some areas have more species than others. The scientific foundation that allows the development, validation, and testing of theories using S is taxonomy. Taxonomic and related research classifies species, defines their distributions and hence allows regional estimates of S to be derived. 2013 marks 50 years since the publication of MacArthur and Wilson's (MacArthur and Wilson 1963) groundbreaking paper that led to The Theory of Island Biogeography (MacArthur and Wilson 1967) . From a few underlying principles, island biogeography theory (and other macroecological theories) aims to unify the relationships between island area, abundance, and species richness (S) by generating models of, for example, the species-area curve. Central to validation of these models are estimates of island S. More recently, as a step toward including indicators of island evolutionary dynamics, studies have begun to incorporate singleisland endemic S (SIE S) (Emerson and Kolm 2005; Whittaker et al. 2008 ) defined here as "the total number of single island endemic species within any specified taxonomic group in a given area."
Intuitively, SIEs have the potential to reveal within and between island evolutionary processes if these species are symptomatic of the individual islands' processes. From an analysis of SIE S from Hawaii and the Canaries, Emerson and Kolm (2005) provided evidence that endemic diversification was related to species richness. They suggested that, mostly through competitive mechanisms, high diversity stimulates high rates of speciation and that speciation rate and extinction rate are positively related. This created some controversy (Cadena et al. 2005; Emerson and Kolm 2007a; Emerson and Kolm 2007b; Kiflawi et al. 2007; Pereira et al. 2007; Witt and Maliakal-Witt 2007; Gruner et al. 2008) but is also beginning to gain some empirical support (Forbes et al. 2009; Zobel et al. 2011) yet theoretically remains uncertain (see, e.g., Chen and He 2009). Incorporating factors such as the geological life cycle of islands have also been proposed as alternative models Whittaker et al. 2008 ). This, however, has been questioned for high dispersive taxa and more recently SIE S of bryophytes and seed plants has been related more successfully to elevation than island age (Patiño et al. 2013; Steinbauer et al. 2013) suggesting that within-island processes may be important to evolution and hence SIE.
Regional species distributions are often summarized in checklists from which estimates of SIE S are usually drawn. However, there are several assumptions underlying these estimates that have yet to be fully explored. Of these, the most important is that available species counts for an island are a representative estimate of the "true" SIE S. Estimates of SIE S may be particularly susceptible to differences in taxonomic effort, that is the effort that goes into finding, describing, and revising endemic species. Furthermore, SIE S may be more susceptible than total island S because estimates of SIE S can be small, therefore small changes of one or two species can have disproportionately large effects. In addition, technological advances, particularly in molecular methods, and/or periods of intense taxonomic revision of island flora and fauna may cause SIE S to increase or decrease rapidly resulting in step 56 SYSTEMATIC BIOLOGY VOL. 63 changes through time. If single-island endemics are to be reliable indicators of evolutionary dynamics, any estimate of SIE S needs to be examined in detail, especially if the ultimate goal is to successfully combine evolutionary and biogeographic theories.
Taxonomic effort is composed of two parts: sampling effort and description effort. The first concerns the rate of sampling (collecting) between and within islands. This is a well-known phenomenon and is directly analogous to sampling effort in distributional biodiversity studies (see, e.g., Prendergast et al. 1993; Gotelli and Colwell 2001; Bush et al. 2004; Romo et al. 2006; Cardoso et al. 2009 ). Examination of taxonomic sampling effort involves the collation of data from geo-referenced specimens from any particular taxonomic group so that a spatial representation of collection effort can be assessed. The second component depends on the amount of effort, after collection, expended on describing new species that is taxonomic description effort. Many collections may be looked at once during collection and then left for decades (or longer), particularly in less charismatic taxa. Also, as technology advances, the resolution at which taxa are classified is being increasingly refined. The net effect of the two components of taxonomic effort could be to raise SIE S by identifying more species through increased collection effort, higher species description/revision rate and the consequent "taxonomic inflation" caused by revising subspecies and raising them to the species level (Isaac et al. 2004) . Or SIE S could be lowered by the revision and combination of previously separate endemic species or subspecies into one, more widely distributed species or by finding single-island endemics on more than one island.
Dealing with the spatial variation in sampling effort is analytically possible though there can be problems and data quality is an important issue and in particular sampling bias can lead to prediction errors (Hortal et al. 2007; Aranda and Lobo 2011). Schulman et al. (2007) present an elegant example using electronic data sets of geo-referenced herbarium collections to quantify taxonomic sampling effort in Amazonia. However, for many areas and islands the type of data required to perform these analyses is simply not yet available.
Hypothetically, even for well-known island biotas, taxonomic effort may have a demonstrable effect on models involving SIE S. A useful first step in biogeographic analyses is to construct species accumulation curves; the accumulated number of species discovered and described over time. The resulting curves are a direct result of both aspects of taxonomic effort which are likely to be dynamic over time. Nevertheless, a general assumption is that when species accumulation curves approach an asymptote that effort should be reaching saturation; thus estimates of S are stabilizing (Gotelli and Colwell 2001) .
It is likely that, for evolutionary processes to be meaningfully assessed in biogeographic models based on SIE S, locally important variables, such as withinisland niche diversity, will need to be incorporated (see, e.g., Steinbauer et al. 2012) . This is because the rate of within-island speciation is not related only to island area for example, but is dependent on the selective pressure applied by factors such as environmental diversity and complexity. Hence, local data will need to be incorporated into models if the causative factors driving differences in diversity are to be successfully identified. Such assessments of the drivers of diversification are fundamentally important to the conservation of global biodiversity.
Using estimates of SIE S derived from comprehensive databases from eight groups of islands we attempt to answer the questions:
1. Are within-island processes (e.g., niche diversity and evenness) important for determining levels of SIE S and hence speciation?
(i) How common is an asymptotic relationship in SIE S data? (ii) How does a temporally dynamic SIE S resulting from increasing taxonomic effort affect model results?
2. Finally we ask, should SIE S be used in biogeography?
METHODS
Analyses were based on SIE S derived from checklists for eight well-known island groups mainly for plants and land snails but also fungi and Coleoptera. Specifically the island checklist sources are: the Azores (9 islands), plants, and land snails- Borges et al. (2010) ; the Canary Islands (7 islands), plants, land snails, and fungi- Hernández et al. (2009) ; the Galapagos (14 islands), plants, land snails, and beetles- Bungartz et al. (2009) ; the Hawai'ian Islands (11 islands), plants- Wagner et al. (2005) and land snails- Museum (2002) ; Marquesas Islands (9 islands), plants- ; the Seychelles (8 islands), plants- Robertson (2005) and land snails- Gerlach (2006) ; St Helena (1 island) and Ascension (1 island) plants and invertebrates- Ashmole and Ashmole (2000) , Cronk (1980 Cronk ( , 2000 , and Gray et al. (2005) ; Tristan da Cuhna (3 islands), plants, and land snails- Holdgate (1965) and Wace and Holdgate (1958) ; Falkland Islands (2 main islands), plants (Broughton and McAdam 2005) ; Fernando de Norhona (1 island), Trinidade (1 island) and Martim Vaz (1 island)- Alves (1998 Alves ( , 2006 ; and finally the plants of the West Indies (13 islands)-Acevedo-Rodríguez (2007).
For Hawai'i, as in the analysis of Whittaker et al. (2008) , we excluded all the small atolls, Kure, Midway, Pearl & Hermes, French Frigate Shoals, and Kaula Island as they do not represent single islands but complexes of many small sand islets. The South Atlantic Islands are included here as one group as the flora have some taxonomic affinities (particularly among the Pteridophytes and Poaceae and Cyperaceae) but note they are really a more diffuse and isolated grouping than the other archipelagos. In addition, note that the analysis across the South Atlantic Island group was done for plants only. For land snail data we used both species with and without external shells. In addition to the above references, we also used online databases such as International Plant Name Index, Missouri Botanical Garden's Tropicos® database, the World Checklist of Selected Plant Families, the Encyclopedia of Life, the Biodiversity Heritage Library, the Botanicus Digital Library, ZipcodeZoo, The Global Biodiversity Information Facility, and the International Mycology Association's MycoBank database.
We used the checklists to identify the date of publication for each endemic species using the basionym. Nomenclatural synonymy was also researched in order to derive the date when each species was classified as endemic. This resulting dated reference allowed us to build up the number of singleisland endemic species described per year for each island. We included species, subspecies, and varieties in our analyses but note that the results were qualitatively unchanged if subspecies and varieties were excluded.
ANALYSES
All the analyses were conducted across the complete island data set and for each of the archipelagos or island groupings separately.
Accumulation Curves
From the checklist data we quantified SIE S over time and produced species accumulation curves for each island. Theoretically, several species accumulation curves are possible, including those that show asymptote, linear, exponential, and step changes in species description (Fig. 1a) . The asymptote assumes that the effort expended is finding fewer and fewer species over time and is hence approaching the true value of SIE S. It is widely regarded that this asymptotic relationship is the ideal from which to analyse species richness data. A linear relationship would arise if the number of species discovered remained constant. Under this scenario it is possible that the true SIE S value could be reached abruptly ending in a flattened line. Fig. S1 ). Fitted lines (in b, c, and d) represent a LOWESS smoother (Cleveland 1979 ) with degree of smoothing set to 0.1 and 10 steps. However, a linear relationship may also indicate that a particular island is in the early stages of species discovery. An exponential curve indicates increasing discovery possibly as a result of increasing effort but may also indicate the early stages of species discovery.
Step changes may also arise if there are sporadic bouts of species description in periods when, for example, a limited number of taxonomists are active and then either stop or slow down their activity.
We fitted robust locally weighted regression or LOWESS smoothers (Cleveland 1979) to show the relationship between the accumulated number of taxa described and time. Robust locally weighted regression is a method for smoothing a scatterplot, (x i ,y i ), i =1,...n, in which the fitted value at x k is a polynomial fit to the data by weighted least squares, where the weight for (x i ,y i ) is large if x i is close to x k and small if it is not (Cleveland 1979 ).
S PECIES-AREA CURVES
We examined the effects of a temporally dynamic SIE S on Type IV species-area curves (Scheiner 2003) plotted separately for five differing time points (1849; 1899; 1949; 1999; and 2010) ; data were log transformed. We chose an arbitrary 50-year period that we regard as sufficient for either revisions and/or new species to have been described resulting in a change to SIE S. Although power models appear to perform best in relation to species-area curves (Triantis et al. 2012) , the authors also conclude that there is no definitive technique applicable to all situations. As such, we have largely retained simple linear models here as it is a widely understood and easily interpretable technique both within and outside the biogeography community but we also include comparison to power models in the Supplementary Material. We used the premise that taxonomic effort increases with time and will tend to increase SIE S. In addition, we assumed (for the speciesarea curves and the more complex models below) that this change to SIE S would affect models in a systematic way, that is we assume the model relationship to improve with time. Thus, taxonomic effort should have a minimal effect on model interpretation-an assumption that presumably underlies most analyses in the literature. However, we acknowledge this may not necessarily be the case and it is possible that the model interpretation could be affected by a varying SIE S. Our approach to this problem is to incorporate Bayesian methodology in our analyses. Although, Bayesian methods do not explicitly correct for a changing SIE S, they do allow models to be developed through time with the incorporation of prior knowledge in subsequent analyses (see below).
Biogeographic Modeling (1) Area and Island Age
Here, we replicated a simple yet well-known model from Whittaker et al. (2008) that used a combination of area and island age (Time + Time 2 ). An estimate of maximal geological age was derived from the literature and a bibliography of sources consulted is included in the supporting information. The model was fitted to the data using multiple regression of the form:
We have one important distinction from the analyses of Whittaker et al.: we used a Bayesian approach to fit the multiple regressions and incorporate prior information (i.e., the results from preceding time periods) using OpenBUGS v3.2.1 (Lunn et al. 2000) . Data were analysed both across all islands and within each archipelago. The Bayesian approach was used to derive the intercept (a) and regression coefficients for the explanatory variable (b 1−3 ) with 95% credible intervals based on prior information. In this case the prior information was based on the parameters and credible intervals from the regression models of previous estimates of SIE S from the preceding time period. In cases where quantification of taxonomic effort is impossible or impractical, we suggest that using a Bayesian approach is more useful and informative than frequentist approaches. This is because the effect of prior information on coefficients and credible intervals can be more intuitively assessed; in Bayesian terminology there is a 95% chance that the true parameter value will be within the given interval (McCarthy 2007) . This type of prior information can be collated from previously published data or by incorporating previous checklist assessments of S into any analyses. For our analyses, if the prior information is uninformative then the regression parameters will remain similar and the credible intervals will tend toward constancy. We also consider that using Bayesian methods and presenting the data in this way, the results are much more useful for the meta-analyses (see McCarthy 2007 and references therein) that are routinely undertaken in biogeography and macroecology.
Biogeographic Modeling (2) Incorporating Island Isolation
and Niche Diversity In the second approach, we extended the area/island age model by including an index of niche diversity calculated from the Shuttle Radar Topography Mission (SRTM) (CGIAR-CSI 2004; Farr et al. 2007 ). The SRTM is an international research effort to obtain and freely disseminate digital elevation models on a near-global scale from 56 • S to 60 • N. The SRTM data represent approximately three-arc second, 90-m resolution digital elevation; note that data were available for most islands but not all. From the island SRTM data we calculated two altitudinal diversity metrics; Shannon-Wiener diversity index (Shannon 1948 ) and Buzas and Gibson's Evenness (Buzas and Gibson 1969) . We made the assumption that these were suitable indicators of niche diversity as there is often a close coupling between island altitude and environment, particularly soils and climate (Steinbauer et al. 2012) . Hence, if niche is defined in terms of resource availability (sensu Hutchinson 1957) we assume that niche diversity will correlate with the changing climatic conditions that are associated with altitude. It follows then that islands with more diverse elevation and topography would be expected to have greater niche diversity. Using the SRTM data we used elevation as an indicator of niche and assessed whether niche diversity (Shannon-Wiener) and/or niche evenness (Buzas and Gibson 1969 ) across islands were important explanatory variables.
A strong latitudinal gradient was evident in our complete data set (from the southern Falklands to northern Azores) we therefore included latitude in the analysis (northern values positive and southern negative). In addition we included distance to nearest islands and distance to nearest continent, obtained from the UNEP island directory (http://islands.unep. ch/isldir.htm; last accessed October 2011). When incorporating these variables we used a best subsets approach to the multiple regressions, thus our maximal model was 
RESULTS

Accumulation Curves
The effect of increasing taxonomic effort over time for all archipelagos and taxonomic groups was clear in that all islands showed an increase in SIE S ( Fig. 1 ; note, not all islands are shown). Very few of the islands appeared to approach an asymptote (Supplementary Table S1 , doi:10.5061/dryad.cc47h). In only two of the island groups were asymptotes evident, however, a further five did appear to be approaching one. Interestingly, what we considered to be well worked islands did not show asymptotes, for example in Hawai'i, there appeared to be an almost linear relationship, the Canaries appeared to show step changes, and although most of the West Indies appear to at least be approaching asymptotes, Cuba was a notable exception ( Supplementary Fig. S1 ). Among all the islands we examined we found evidence for all the theoretical species accumulation curves illustrated in Figure 1a . The Marquesas were the only islands to show exponential-like curves ( Supplementary Fig. S2 ). Some islands also showed a very recent increase (post-1999), for example land snails in some of the Canary Islands ( Supplementary Fig. S3 ).
Species Area Curves
The effect of a temporally dynamic SIE S influenced the species-area relationships in slightly different ways for each of the different archipelagos and taxa. In some archipelagos, but not all, the slopes and intercepts appeared to be converging at least in the latter time periods, for example plant SIE S in Seychelles, Hawai'i, and Marquesas (Supplementary Table S2 ). The variance explained by the species-area model did not show systematic increase over time across all islands or taxa ( Fig. 2 and Supplementary Table S2 ). For example, r 2 -values for the vascular plant SIE data for the Canary Islands decreased over time whereas that for the Hawai'ian flora tended to increase. This effect appeared to be consistent among Canarian plants and land snails, but the fungi showed an increase to 1949, a decrease during the next period and a slight rise in the post-2000 period (Fig. 2) .
Biogeographic Modeling (1)
Regression coefficients associated with the area and island age model appeared much more stable than species-area relationships but there was still a degree of change over the time periods examined (Supplementary Table S3 ). Across all islands, it appeared that coefficients were reaching stability with decreasing width of credible intervals. The picture within-island groups was again much more variable and mirrors the patterns shown in the species area curves above; perhaps as a consequence of the overall importance of area in this model. There appeared more general stability where the data were asymptotic. The results suggest that a Bayesian approach of incorporating prior information from previous time periods is an appropriate and useful approach, particularly for the incorporation of data into future studies and meta-analyses.
Biogeographic Modeling (2)
Using all the variables as single predictors suggested that there were important differences among taxa but also between island groups. Across all islands, for the SIE plant data set, area was a strong explanatory variable with high adjusted r 2 -values that increase in each successive time period (Fig. 3 and Supplementary  Table S3 ). However for land snails, although area appeared to be a good single predictor there was no clear increase in r 2 and altitudinal diversity was a close second in explanatory power. Also, island age in the land snail data only appeared to be important when included as a quadratic fit but with much less explanatory power than for plants. Both isolation from islands and continents and latitude had little explanatory power in comparison to the other variables.
The best subsets regression suggested that when model complexity was increased area, island age and isolation were not always the best combination of explanatory variables and that there were competing models with as much if not slightly more explanatory power (Fig. 3, Supplementary Tables S2 and S4 ). This Results of univariate linear regression of single-island endemic plant richness for different island groups and time periods, showing the variance explained by each explanatory variable. Note that both a simple fit to maximum age and a quadratic fit for island age were used here.
was the case for both the data across all the islands and within the island groups. For example, the best model as indicated by the AIC and adjusted r 2 for all the snail data omitted area, whereas area was a component of most of the plant SIE models. The best model for the Canaries plant data also omitted area, although in every other island group area was a strong feature for plants. In contrast to the plant data sets, area was not always a clear predictor for the land snail data except for the Canary Islands. There was also an interesting contrast between the West Indies and the South Atlantic Islands: in the West Indies, area, age, latitude, proximity to islands, and niche diversity were important parameters. In contrast the best model for the South Atlantic omitted latitude altogether and nearest continent was more important than nearest island. For the land snail data, the estimates of SIE S for the Galapagos were not explained very well by any of the parameters, although the single parameter model of altitudinal evenness gave the best AIC and adjusted r 2 . For the beetles of the Galapagos the models were similar to the plants with the addition of altitudinal diversity in the best overall model. The Canary Islands fungi showed a similar response to the Canary Islands land snails, as area, age, nearest island, and altitude diversity were the most consistent explanatory variables. (Supplementary Table S4 ).
DISCUSSION
Are Within-Island Processes (e.g., Niche Diversity and Evenness) Important for Determining Levels of SIE S and
Hence Speciation? The land snail and plant data sets-our two most comprehensive data sets-showed distinct responses that can best be explained ecologically and have consequences for estimations of evolutionary rates within these groups. Across all time periods, SIE S estimates for land snails showed a clear and consistent relationship with niche diversity. We suggest this may result from the land snail group including species with a variety of differing adaptations that allow survival in contrasting habitats. For example, included here are species that inhabit hot dry areas and avoid the driest seasons by aestivating inside their shell (dormancy). In addition there are also species that have a preference for cooler, wetter habitats because they are either unable to retreat into their shell (e.g., the genus Plutonia Stabile 1864) or have no external shell. The variability and sensitivity of this group to environmental conditions may explain its clear link to our measure of niche diversity. SIE S estimates for plant data showed a slightly different response, with niche evenness appearing to have more explanatory power than niche diversity. Island area and age were also important parameters for plants but age showed little explanatory power for land snails. Since plants are rooted and have potential for a plastic environmental response, they are expected to show less sensitivity to environmental variability. Borges and Hortal (2009) showed that analysing different arthropod ecological groups generates diverse patterns and conclusions indicating that ecological relationships are not always congruent. What is important to SIE S model interpretation is the inclusion of variables that are expected to be important within and between island ecological and evolutionary drivers even when these differ across taxa.
How Common is an Asymptotic Relationship in SIE S Data?
We expected that the effect of taxonomic effort would be evident, but that well-worked biotas would tend VOL. 63 to reach asymptotes with increasing effort and time. However, even such well worked taxa as those on the Hawai'ian Islands appeared to show an almost linear relationship between SIE S and time; a relationship that has been observed previously in other systems (see, e.g., Bebber et al. 2007) . The influence of time on species richness has mostly been considered on geological time scales (see Borges and Brown 1999 and references therein) but shorter term taxonomic influences also need consideration for model interpretation. Gotelli and Colwell (2001) suggest that raw species richness counts can only be validly compared when accumulation curves have reached a clear asymptote. However, this can only be the case when one knows that the effort expended is not a contributing factor to the shape of the curve. Clearly a well-defined asymptote can be the result of a decrease in taxonomic effort. From experience we know this to be the case in St Helena which showed the clearest asymptote of any of the islands. Yet plant species are still being described and the number of endemics has been recently revised for St Helena (Lambdon et al. 2012; Lambdon 2013 ). In addition, we expect that the finer resolution offered by genetic techniques will reveal further distinct species that are as yet cryptically hidden. There is increasing molecular evidence from single-species studies to support the classification of intraspecific taxa without clear differentiation in the phenotype, that is cryptic species (Gibson and Dworkin 2004; Masel 2006; Bickford et al. 2007; Hayden et al. 2011; Schaefer et al. 2011) , hence, SIE S is highly likely to change.
There are methods to deal with variations in taxonomic effort in addition to the example noted above (Schulman et al. 2007 ). Lobo and Borges (2010) used comparisons of the exponential and Clench functions (the two main species accumulation functions) and asymptotic value to estimate the number of species still undescribed. Santos et al. (2010) dealt with unevenness of data quality by using completeness at high taxonomic levels, congruence with well-established ecological relationships (such as species-area relationship), and publication effort. Nevertheless, many of these deal either with only one aspect of taxonomic effort or rely on a high proportion of the species to have been already described (e.g., see, Bebber et al. 2007 ). If our results are representative then the latter point is unlikely to be the case for SIE S data sets, and highlights the problem that much of the data needed for these methods is not widely available.
How Does a Temporally Dynamic SIE S Resulting from
Increasing Taxonomic Effort Affect Model Results? We also expected that increasing taxonomic effort would result in a decreasing influence on the models. However, regression coefficients did not always tend toward stability with increasing effort and time. Thus the effects on the SIE S area-time relationships did not appear to be systematic in relation to increasing taxonomic effort. Changes in slope have been attributed to changes in geographical scale (Williams 1943; Preston 1960; Rosenzweig 1995; Triantis et al. 2012) . Our analyses show that taxonomic effort can also change these parameters when geographic scale is held constant. The application of Bayesian methods allowed us to assess how the parameters and credible intervals responded to the incorporation of prior information. In all cases credible intervals narrowed through time suggesting informative priors. This suggests that Bayesian approaches are likely to be very useful in the application of SIE data sets particularly where they are expected to be temporally dynamic.
Perhaps the most surprising result was that the explained variance in some archipelagos decreased with increasing time. The lack of consistent relationships among archipelagos implied that important processes are being omitted from current models of island biogeography. In particular, as many islands show incomplete saturation of taxonomic effort (i.e., failure to reach SIE asymptote); it seems likely that quantification of currently unexplored levels of species diversity (both cryptic species and poorly known island flora and fauna) will tend to change these relationships further. The consequence would be that, for models of island biogeography, in situ speciation rate would take a much more prominent role in determining levels of diversity, via the physical proxies of island age, size, and niche complexity. Recently, there have been attempts to take a more phylogenetic approach to biogeography models (e.g., Rosindell and Phillimore 2011). However, in most cases the extent of phylogenetic coverage is still too limited to allow entire island biotas to be fully evaluated and, where an extensive phylogenetic framework exists, problems of variable taxonomic or sampling effort are likely to undermine their value. Firstly, there is a need to re-evaluate SIE S estimates for islands, using objective approaches systematically applied across multiple islands. Secondly, there is a need to reassess the causative factors driving the differences in diversity and to work these key local variables into revised models of island biogeography. This is especially the case if more meaningful ecological, evolutionary, and geological processes are to be incorporated, as has been widely called for (Haila 1990; Cowie 1995; Borges and Brown 1999; Brown and Lomolino 2000; Heaney 2000; Lomolino 2000; Heaney 2007; .
Should SIE S be Used in Biogeography?
Our results suggest that estimates of SIE S can be valuable biogeographic parameters when their quality is properly assessed and controlled for. This is true for both biogeography and other studies where SIE S has formed part or a major focus. It should be noted that using the basionym year, as we have done here, does not give an indication of the additional sampling effort through collections performed by taxonomists and ecologists on islands. We suggest that, when available, standardized island surveys (e.g., Borges et al. 2005; Ribeiro et al. 2005) should also be used to evaluate the relative knowledge of island floras and faunas. However, we think the study of SIE S is likely to yield interesting results when variables of evolutionary consequence are included in models such as those that are indicators of niche diversity. We propose that island SIE S (and probably total S) be regarded as an unknown and dynamic metric and that studies attempt to assess the level of taxonomic effort within the data sets they use and the influence this may have on the results. We also suggest that a systematic approach to evaluating SIE S on islands is also required, sampling across and within taxa to test model predictions and hypotheses. For example, we might ask: what is the importance of relictual isolation as the origin of endemism (paleo/neoendemism) and selection versus drift as mechanisms of SIE speciation? Although this type of evidence has still to be collated for many islands, these are necessary data to allow within-island processes to be understood and biogeographic models interpreted appropriately (see also Rosindell and Phillimore 2011) . That the effects of increasing taxonomic effort alone can influence speciesarea relationships, and hence biogeographic models, illustrates the drawbacks of accepting SIE S estimates de facto. However, by embracing a Bayesian approach the explanatory power of island biogeography theory can be compared and evaluated in a more objective manner. In particular, better collaboration between taxonomists and modelers presents exciting opportunities to test and develop the theory of island biogeography in new and dynamic ways, promising rapid development as we move into the next 50 years.
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